ysin was not confirmed by other investigators (1, 8, 9) . Widholm (11) also reported the inability to separate the hemolysin from the bacterial cells by filtration and showed that the nonfilterable hemolysin was heat-labile. However, Smith (10) and Lovell and Rees (6) reported the production of a filterable hemolysin by E. coli grown in an alkaline meat-extract broth.
The purpose of this paper is to report the production of filterable and nonfilterable hemolysins in various media and to discuss some differences between the two hemolysins produced in different media.
MATERIALS AND METHODS
Preparation of media. Three types of media were used: beef-heart infusion medium, chemically defined medium, and casein hydrolysate medium. The beefheart infusion medium was prepared from Beef Heart for Infusion as described by the manufacturer (Difco). The pH of the medium was adjusted to 8.0 before boiling, and the final pH after autoclaving was 7.5. The chemically defined medium was composed of the following (grams per liter): K2HPO4, 2.3; KH2PO4, 0.78; (NH4)2SO4, 1.0; MgSO4, 0.1; Na3C6H507, 0.6. Carbohydrates were sterilized by filtration through 0.45-,u (pore size) filters (Millipore Filter Corp., Bedford, Mass.), and were added to the chemically defined medium. Unless specified otherwise, glucose was used to give a final concentration of 0.2%. The final pH of the medium was 7.4. Flasks containing 100 ml of the medium were sterilized by autoclaving at 121 C for 10 min. The casein hydrolysate medium was prepared as follows. Enzymatic hydrolysate of casein (General Biochemicals Inc., Chagrin Falls, Ohio) was filtered through 0.45-,A Millipore filters and then added to the autoclaved chemically defined medium to give a final concentration of 10% casein hydrolysate. The casein hydrolysate was adjusted to pH 7.4 before filtration.
Preparation of inoculum. A hemolytic strain of E. coli type 06 (Iowa Stock Culture no. 447) was used. Several transfers of the organism were made through the chemically defined medium. A standard inoculum was made by diluting a 10-hr shake culture with chemically defined medium to give an optical density, as determined by use of a Spectronic-20 colorimeter, of 0.325 at 625 mu. Samples of this suspension were frozen at -20 C. A 1-ml amount was used to inoculate 100 ml of medium for hemolysin production. All cultures were grown on a shaker at 37 C.
Assay ofhemolysin. Hemolysin was titrated by preparing serial twofold dilutions of the hemolysin in 1 ml of saline containing 0.01 M CaC12. A 1-ml amount of a 1% suspension of three times washed sheep erythrocytes was added, and contents of the tubes were incubated for 1 RESULTS Production ofhemolysins in different media. The production of filterable and nonfilterable hemolysins in various media and the relationships among bacterial numbers, pH, and hemolysin production were investigated. Beef-heart infusion, casein hydrolysate, and a chemically defined medium were used. Figure 1 shows these characteristics when beef-heart infusion medium was used. Bacterial numbers were determined by making viable counts of the suspension in nutrient agar. Determination of pH was made by use of a Beckman Zeromatic pH meter. Production of the nonfilterable hemolysins paralleled that of filterable hemolysins, with maximal production of the hemolysins occurring 7 hr after inoculation of the beef-heart medium. Growth of the organisms in the casein hydrolysate medium (Fig. 2 ) and in the chemically defined medium (Fig. 3) With mannose, the amount of growth was 0.62 OD units and the final pH was 5.7; whereas, for maltose, the growth was equivalent to 0.38 OD units and the final pH was 6.5.
Addition of glucose, galactose, mannose, lactose, maltose, mannitol, and sorbitol at 0.2% concentration resulted in production of filterable and nonfilterable hemolysins in the casein hydrolysate medium. The final pH after growth ranged from 5.6 to 6.2. Rhamnose at a 0.2% concentration supported production of the nonfilterable, but not the filterable, hemolysin. With this carbohydrate the final pH was 6.7. The amount of growth in casein hydrolysate medium containing the various carbohydrates was essentially the same. Nonfilterable hemolysin was also produced in the casein hydrolysate medium lacking carbohydrates.
Effects of physical and chemical agents on the stability ofhemolysins. Stability of the hemolysins at 56 C for 1 hr depends upon the medium in which the hemolysin is produced. The effect of heat on the hemolysins produced in beef-heart medium (Table 1) shows that both the filterable and nonfilterable hemolysins were labile. Table 2 gives the results obtained with the hemolysins produced in a chemically defined medium. These results are similar to the data for hemolysins produced in casein hydrolysate medium. These values show that the nonfilterable hemolysin was destroyed by heating, whereas filterable hemolysin was not affected by heat. It would appear that the change from heat lability to stability of hemolysins produced in chemically defined medium was not an abrupt change which occurs at the time the hemolysin became filterable. Some of the hemolysin became stable before it was filterable, with complete stability to heat occurring after filterable hemolysin appeared. Table 3 show the effect of formalin on the activity of the hemolysins. The results shown here are those obtained with hemolysin produced in chemically defined medium and are identical with those obtained with hemolysin produced in the beef-heart infusion medium and in the casein hydrolysate medium. Formalin destroyed the nonfilterable hemolysin, but it did not affect the filterable hemolysin. Again, part of the nonfilterable hemolysin produced in the chemically defined medium became stable shortly before the appearance of filterable hemolysin. Table 4 are representative of the hemolysins produced in the heart infusion, casein hydrolysate, and chemically defined media. The filterable hemolysin was active over a broad pH range, whereas the optimal pH for activity of the nonfilterable hemolysin was dependent upon the age of the culture at time of assay. Nonfilterable hemolysin produced during the early period of production had a pH optimum of 6.0 or less (1-, 2-, and 3-hr cultures), whereas hemolysin produced later (4-and 5- Pivnick et al. (7) found increased toxinogenesis of Clostridium perfringens by growth at a controlled pH. Growth of E. coli in a defined medium at various constant pH values neither inhibited nor increased the production of hemolysin. Therefore, extracellular pH does not affect hemolysin production or allow release of hemolysin from the bacterial cell.
Data in
Certain differences were observed in the,lability of the filterable hemolysin at 56 C. The, filterable hemolysin produced in both the casein hydrolysate medium and the chemically defined medium 
